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Doubt has existed in the minds of certain sanitarians in Farther 
India as to the part played by Anopheles ludlowi as a  transmitter of 
the malaria on the littoral of the Peninsula of Malacca and Indonesia. 
Christophers in a rePort of his investigatlon  I of malaria in  the Andarrm~n Is- 
lands in 1912 records the discovery of malarial zygotes in two out of 53 naturally 
infected wild specimens of Anopheles ludlowi and found that the relation between 
the distribution of the species and that of malaria was most exact. 
Watson,  g however, has expressed the opinion that, from what he has seen in 
the Federated Malay States, Anopheles ludlowi can exist without producing ma- 
laria and that malaria will disappear from a place when operations are undertaken 
which abolish only Anopheles urnbrosus yet which leave very large numbers of 
Anopheles ludlowi. 
Strickland in his report to the Principal Medical Officer of the Federated Malay 
States, on the cause of the outbreak of malaria at Morib, Federated Malay States, 
concluded from epidemiologlcal findings that "Anophelesludlowi was causing most 
of the trouble." 
This  disparity  of  opinion among British workers as  to the part 
played by Anopheles ludlowi in transmitting malaria is largely if not 
wholly due to the presence of other species known to be hospitable 
hosts for malaria, notably Anopheles umbrosus.  At Port Swettenham, 
for example, I  collected at and near the Rest House Anopheles lud- 
lowi, Anopheles kochi, Anopheles umbrosus, Anopheles rossi, Anopheles 
* This work was done under the auspices of the British Colonial Office and with 
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indefinilus, Anophdes  tesseIlatus, Anopheles barbirostris, Anopheles al- 
Mros~ris, and Anopheles sinensis.  Barber succeeded in a more exhaus- 
tive search in taking one specimen of Anopheles karwari.  He has also 
succeeded in infecting  all  the  species  mentioned except  Anopheles 
lessellatus.  Hence the occasion for the doubt that existed in the minds 
of the local epidemiologists as to the importance of Anopheles ludlowi. 
In 1916 while studying the cause of anemia among the natives of 
Java I  found epidemiological evidence that  file malaria  in  certain 
villages, or dessas, near Cheribon on the north shore of Java was due 
to Anopheles ludlowi.  In the dessa of Gebongellr there was  severe 
malaria, the splenic index at the time was 97 (101 persons examined), 
and the endemic index, or parasite rate, was 29 per cent.  Mosquitoes 
were collected daily from the houses of  the villagers  for dissection. 
The species chiefly encountered was Anopheles ludlowi.  Six of the 
58  specimens  dissected  contained malarial  zygotes.  There  were  a 
good many breeding places in the fish ampangs,  or reservoirs, near 
by, and from larwe collected thereabouts Anophdes ludlowi was the 
only  species  that  emerged.  At  the  same  time  89  Anopheles rossi 
Giles from the adjoining village of Gebongoedik were examined  for 
sporozoites and 32  for zygotes with  negative result.  The weight of 
the evidence here is that Anophdes ludlowi was the carrier of malaria 
in the village. 
It is this epidemiological evidence that is of most value to the sani- 
tarian,  for it is possible for Anopheles hospitable  to malaria to bite 
malarial patients and become infected and to have sporozoites in their 
salivary glands, yet if the mosquitoes feed on animals as well as man 
the infectious sporozoites may often be dissipated on the latter.  This 
is a matter that has been overlooked in discussing the question of ef- 
ficient agents for transmitting malaria. 
Barber  s has shown that most Anopheles in Malaya can be infected 
with malaria under experimental conditions.  Yet I have taken Anoph- 
eles umbrosus and tessellatus which had  been feeding  on fowl  blood 
for they were caught near hens' nests with nucleated red blood cells 
in their midguts, and I have also taken many specimens of Anopheles 
umbrosus, Anopheles rossi, and Anopheles indefinilus in cow barns. 
8 Barber, M. A., Malay Anopheles  in transmission of malaria, Philippine  Y. So., 
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In Brazil Anopheles albimanus feeds with avidity on horses and the 
latter animals are used as bait to catch the mosquitoes.  It is evident 
that when a species of Anopheles known to be a carrier  fails  to take 
up an obligate parasitic relation with man and through feeding on 
animals becomes essentially only a facultative parasite, it cannot be 
regarded as  a  thoroughly efficient host for malaria no matter how 
easily it may become infected in the laboratory.  It is the epidemio- 
logical evidence, therefore, in the last analysis which convicts a species 
and will determine the necessity for t~klng steps against it. 
These observations in Java were made in August to October, 1916, 
at a  time when I  had already become thoroughly convinced of the 
importance of Anopheles ludlowi as a carrier of malaria in the littoral 
of  Indonesia.  The  previous  year,  October  to  December,  1915,.I 
had  found that Anopheles ludlowi  could be infected experimentally 
with ease.  Out of a number of Anopheles ludlowl reared from larvae 
taken at Port Swettenham, Federated Malay States, and fed on suit- 
able patients that had sufficient gametes in their peripheral blood, 40 
were dissected at intervals of 2  to  12  days after feeding.  20 were 
found to have zygotes in their midguts and 5 to have sporozoites in 
their salivary glands.  25 out of 40, therefore, had become infected, 
a  percentage of 62.  It was evident that not only could zygotes de- 
velop in the tissues of this species but sporozoites could reach  the 
salivary glands and these in a sufficient number of mosquitoes to war- 
rant the assumption that the species was a carrier of malaria.  Barber  8 
at the same time from a series of experiments came to the same con- 
clusion. 
Since then* studies on the relation of Anopheles ludlov~ to malaria in 
Java  and Sumatra have been published by Schueffner, Swellengrebel, 
Swellengrebel  de  Graaf,  and  native  Javanese  doctors.  In  these 
papers Anopheles ludlowi is shown conclusively to be a carrier of im- 
portance. 
While engaged in examining the dissection of the salivary glands it 
appeared to me that the lumen of the gland ducts was very small, 
perhaps too small to permit the passage of sporozoites outward from 
the aciui into the proboscis of the mosquito.  If this were the case, 
4 Schueffner, W., SweUengrebel, N. H., and Swellengrebel de Graaf, J.  M. H., 
Mededeelingen van den  Burgerlijken Geneeskundigen  Dienst in Nederlandsch- 
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malarial plasmodia might readily enough develop in the species and 
sporozoites reach  the salivary glands, yet the mosquitoes would be 
unable effectively to transmit malaria. 
Additional antimalarial drainage operations at this time were being 
planned by the Malarial Advisory Board.  It was of some importance 
for their engineer to know whether measures should be adopted against 
Anopheles  ludlowi in  addition to  those projected against Anopheles 
urabrosus which breed in entirely different locations.  For this as well 
as for other reasons it was decided to undertake inoculation experi- 
ments with Anopheles ludlowi on man. 
EXPERTMENTAL. 
Inoculation Experiments. 
The experiments were planned to determine the following points: 
(1)  Whether Anopheles ludlowl infected under experimental condi- 
tions serves to infect man with malaria and with what facility;  (2) 
whether infected mosquitoes that have already bitten one person serve 
to infect others; (3)  the period of incubation in man; (4)  the rate of 
appearance of plasmodia in the inoculated person and how it corre- 
sponds with the appearance of fever; (5) what differences if any can 
be noted in the clinical picture of (a)  a man being infected with ma- 
laria for the first time, (b) a man being reinfected with malaria after a 
long interval of years during  which time he has been free from evidences 
of the disease, (c) a man being infected with subtertian malaria who is 
at the time suffering from tertian malaria; and (6) what type of feb- 
rile reaction is induced by a  single inoculation of an unmixed strain 
of subtertian plasmodia (sporozoites). 
Malaria is highly endemic in many places outside the cities, towns, 
and  certain protected areas  in  the Peninsula of Malacca.  Several 
attacks of malaria may be expected by every coolie during his period 
of residence in the country, particularly if he lives on a rubber estate. 
Consequently, when the nature of the test was explained to  them, 
there was no difficulty in securing three men who volunteered for the 
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Subject 1 (Text-Fig./).JL.  K.  Male, age 37 years; a Chinese mining coolie, 
resident 18 months in Malaya with a negative history for malaria.  He was  a 
patient in the surgical ward with a broken leg; otherwise normal and in good health. 
Spleen normal; blood negative for malarial plasmodia. 
Dec. 1 to 3,  1915, p.m.  Bitten by six mosquitoes.  Dec. 8.  Blood count: 
Red blood corpuscles 4,829,800; leucocytes 6,200; hemoglobin 85 per cent.  Dec. 
14.  The first clinical note was made on this date when the patient complained of 
loss of appetite; his tongue was furred.  4 p.m.  Temperature 99.4°F.  Dec. 15. 
Pain in back and joints; face flushed; spleen which was normal became palpable 
below  costal  margin.  3.30  p.m.  Rigors.  6  p.m.  Temperature  103.5°F.  9 
p.m.  Subtertian rings were found in blood.  Dec. 16.  Sweated a good deal but 
feels well during the remission  of fever.  Subtertian rings in blood.  Dec. 17, 
1 p.m.  Mild rigor.  Spleen palpable below costal margin.  2 p.m.  Temperature 
102.2°; tongue coated; bad taste in mouth.  Subtertian rings in blood.  Dec. 18. 
Spleen  palpable;  tender.  4  p.m.  Temperature 101.8°F.  Subtertian  rings  in 
blood.  Red blood corpuscles 5,100,000; hemoglobin 79 per cent.  Dec. 19.  Very 
ill; vomiting is troublesome.  12 m.  Temperature 104  °.  Spleen I flugerbreadth 
below costal margin; tender.  Very few subtertian rings in thin film of blood. 
Quinine administration begun.  Quinine bihydrochioride 15 grains three times a 
day; retained about 30 grains  only.  Dec. 20.  Very ill; vomited some quinine 
and all food.  Subtertian rings in blood.  Dec. 21, a.m.  Better; vomiting less 
frequent; able to retain quinine 20 grains twice a day.  Very few subtertian rings 
inblood.  Dec. 22.  Veryweak; vomiting ceased; 10 grains of quinine three times 
a day.  Blood negative.  Dec.  23.  No fever; a  little better; spleen palpable 
below  costal margin but diminished  slightly in size; 10 grains of quinine three 
times a day.  Dec. 24 and 25.  Feels better; spleen just palpable;  I0 grains of 
quinine twice a  day.  Dec. 26.  Quinine  discontinued.  Jan.  1 to 11.  There 
were at times epigastric pain, flushing of the face, and Ioss of appetite with slight 
elevations of temperature similar to those observed before the malarial infection. 
Jan. 17.  Patient quite well.  jan. 28. Discharged. 
In Subject 1 there was observed a diminution in body weight beginning about 
Dec. 10 before the onset of fever and lasting until about Jan. 17, 1916 (Table I). 
On Dec. 22, or the day after the crisis, the 10ss in weight amounted to 3 catties, or 
about 4 pounds.  His physical strength as measured by the average of three 
squeezes with the hand grip dynamometer showed a corresponding diminution, 
dropping from 58.6 on Dec. 11 to 55 on Dec. 24, and returning slowly to 68.6, 
or normal, 1 month after the crisis. 
This was a severe case of malaria with relatively few plasmodia and 
only moderate enlargement of the spleen. 
Subject 2  (Text-Fig.  2).mS.  Male,  age 30 years; Tamil coolie,  resident  18 
months in Malaya.  Has  had  several attacks of  tertian  ague with fever  and 
rigor on alternate days during the past 6 months, and on Dec. 1, 1915, tertian plas- 318  EXPERIMF,  NTAL  INOCULATION  OF MALARIA 
modia of all ages were encountered in the peripheral blood.  He did not complain 
of fever but an inspection of his chart shows quotidian oscillations reaching 99  ° 
or 99.5 ° daily.  The spleen was not palpable.  He was operated on for hemor- 
rhoids Nov. 11. 
Dec. 1.  Bitten by six mosquitoes that had a  few seconds before been inter- 
rupted while feeding on Subject 1.  Dec. 8.  Blood count: Red blood corpuscles 
2,732,800; leucocytes 3,600; hemoglobin  60 per cent.  The blood picture from Dec. 
1 to 22 consisted in varying numbers of tertian plasmodia.  Dec.  12.  Tertian 
rosettes were seen; on the following 3 days there were quotidian rises of tempera- 
TABLE  I. 
Body Weight and StrengIh (Hand Grip) of Subject 1. 
Date.  Hand grip.  Weight in cattles.* 
1915 
Dec.  6 
~c  8 
"  10 
"  11 
"  16 
"  20 
"  22 
"  24 
"  28 
101o 
Jan.  1 
~c  3 
~c  4 
"  10 
"  13 
"  17 
"  20 
68.3 
68.6 
63 
57.3 
55 
59 
62.3 
63.3 
63.3 
65 
65 
68.6 
85 
84 
83 
82 
83 
83 
80 
85 
85 
* A catty is the oriental weight  equal to 1~ pounds avoirdupois. 
ture.  Dec. 13 to 17.  A few trophozoites resembling subtertian forms were seen. 
Dec. 18.  Blood count: Red blood corpuscles 3,149,600;  hemoglobin 55 per cent. 
Dec.  20.  Subtertian rings definitely present in large numbers.  On account of 
the ease with which some very young tertian trophozoites may be mistaken for 
subtertian merozoites one can never be absolutely certain of the identity of any 
given trophozoite.  The specific  identity of the forms seen on Dec.  13 and 17 
cannot be asserted with absolute confidence.  Dec. 21.  Many subtertian rings 
were seen.  Dec. 22.  Fewer subtertian rings were seen.  Dec. 23 to Jan 12, 1916. 
No trophozoites either tertian or subtertian were detected in thick films. 0 0 `" o2 o 0
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Clinical Notes.--Dec. 13.  Temperature rose to 104.4°F. without rigor.  5  Ap- 
parently he was suffering no inconvenience from this tertian infection.  The spleen 
"was not enlarged.  Dec.  19,  4 p.m.  Temperature rose to  102.4  °.  Spleen not 
~nlarged.  Patient  appeared  normal.  Dec.  20,  2  p.m.  Temperature  99.8  °. 
6  p.m.  Temperature 103.6  °.  Quinine bihydrochloride 10 grains three times a 
<lay.  Dec. 21,  12 m.  Temperature 104.6  °.  Quinine bihydrochloride 10 grains 
three times a day.  Dec. 22.  Patient was slightly inconvenienced by the infection; 
quinine bihydrochloride 40 grains; spleen not enlarged.  Dec. 23 to 29.  Quinine 
~bihydrochloride  10 grains  three times a  day.  Patient appeared quite normal, 
~out there was a decided daily drop in temperature from 12 m. to 8 a.m.  Dec. 30. 
,Quinine  discontinued.  Dec. 31  to Jan.  7.  Patient quite normal.  Weight in- 
~creased from 100 catties on Dec. 28 to 105 catties on Jan. 17.  Jan. 22.  50 hook- 
worms were expelled after a treatment with chenopodium. 
This was a mild case of malaria as far as symptoms were concerned, 
but  the  number  of  plasrnodia  encountered  was  considerable.  The 
febrile reaction, size of spleen,  and  multiplication  of subtertian  plas- 
rnodia were not in the slightest degree influenced by or interfered with 
by the preexisting tertian infection. 
Subject 3 (Text-Fig. 3).--J.  Male, age 45 years; a Tamillan hospital attendant, 
• esldent 26 years in Malaya.  During the past 7 years he had been entirely tree 
from attacks of malaria but previous to this he had suffered from malaria several 
times, the attacks lasting about 10 days.  Was being treated for a compound frac- 
"ture of  ulna with necrosis of bone.  Blood was negative  for  malaria.  Spleen 
~normal. 
On Dec. 3, 1915, bitten by three mosquitoes and on Dec. 4 by two mosquitoes 
"that had previously fed on Patients I and 2 on Dec. 1.  Dec. 8.  Blood count: 
Red blood corpuscles 3,680,000; leucocytes 7,600; hemoglobin 57 per cent.  This 
.anemia may have been related to the injury to his elbow.  There was certainly 
no malaria and no ancylostomiasis.  Dec.  17.  Facial expression has changed; 
patient looks drowsy.  Complains of pain in elbow.  The spleen which had been 
negative is palpable below the fibs.  Dec. 18.  Appeared well.  Very few sub. 
tertian rings in thick film of blood; thin film negative.  Red blood corpuscles 
3,949,600;  hemoglobin 66 per cent.  8 p.m.  Temperature 101.4  °,  with rigors. 
Dec. 19.  Spleen 2 fmgerbreadths below ribs and tender; fever and rigors previous 
night; not very ill.  Subtertian rings in thick film of blood; thin film negative. 
Dec. 20.  Fever and rigor.  8 p.m.  Temperature 100.4  °.  Spleen unchanged; 
5 The occurrence of latent malaria without symptoms is far more common than 
is suspected.  In Panama I found 10 per cent of 322  Spanish laborers to be har- 
boring plasmodia in their blood.  The blood specimens were taken at the mess 
~all and none of the men was ill or complaining at the time. 320  EXPV.RI'M'ENTAL INOCULATION OF MALARIA 
not very sick.  Thin film of blood negative.  Dec. 21.  Marked remission ; spleer~ 
unchanged.  Few subtertian rings in thick film of blood.  Dec. 22.  Rigors and 
fever.  8 p.m.  Temperature 101.8  °.  Spleen  2½ fingerbreadths below ribs; con- 
junctiva~  injected;  face flushed.  11  p.m.  Sweating.  Fewer  subtertian  rings 
than yesterday in thick film of blood.  Dec. 23.  Condition the same.  4 p.m. 
Temperature 102.4  °.  Fewer subtertian rings in thick blood film than day before. 
Dec. 24.  Very ill  and weak.  4 p.m.  Temperature 102 °.  Spleen at level of 
umbilicus  and  tender;  tongue  coated.  Dec.  24  to  Jan.  11.  Blood  negative. 
8p.m.  Quinine bihydrochloride 20 grains.  Dec. 25.  Veryweak.  Temperature 
102  °.  Quinine bihydrochloride 15 grains three times a day.  Dec. 26.  Better; 
temperature normal; spleen 1 fingerbreadth below umbilicus; tender; no vomiting. 
Dec. 27.  Quite well.  Dec. 28.  Quinine bihydrochloride 10 grains three times a 
day.  Jan. 8, 1916.  Quinine discontinued.  Jan. 11.  Spleen at level of umbili- 
cus.  Jan.  18.  Spleen  2  fingerbreadths  above  level  of umbilicus.  Jan.  20. 
Discharged. 
This was a  case of malaria of ordinary degree of severity in which 
plasmodia were not very abundant  but in which the splenic reaction 
was pronounced  and was manifest before plasmodia appeared in the 
peripheral  blood. 
Method  of Infecting  Mosquitoes  and  Inoculating  the  Men. 
The method was identical with that used in Panama  6  in 1908.  Full grown larvae ~ 
of Anopheles  ludlowi  were collected at Port Swettenham and reared at Kuala Lum- 
pur.  The mosquitoes after emerging were confined in biting jars made of lantern 
chimneys.  The air in the jars was kept as moist as possible and sugar was given 
when necessary.  Both ends of the jars were securely covered with crinoline gauze 
through which the mosquitoes Bit.  The mosquitoes were at first applied daily 
to the skin of a gamete carrier in order to favor the infection of as many mosqui- 
toes as possible and also to reduce the mortality from desiccation.  The jar of 
mosquitoes used was comprised of adults that had emerged from pupae Nov. 12, 
1915.  They were fed as shown in Table II.  After Nov. 20 they were fed on sugar 
alone.  Nov. 21.  Four mosquitoes were dissected.  One contained five zygotes~ 
19;, in  diameter.  Nov. 25.  Five mosquitoes were dissected.  Two contained 
zygotes;  one  contained  one zygote, the other seven.  Nov. 26.  Dissected six 
mosquitoes.  Two contained zygotes; one had one large zygote, the other seven 
or eight very large zygotes.  One of these  zygotes displayed sporoblasts; three 
of the other zygotes contained sporozoites.  Nov. 28.  Dissectedfourmosquitoes. 
One  contained  two  large  zygotes  with  sporozoites,  another  displayed  three 
large zygotes with sporozoites. 
6 Darling, S. T., Studies in relation to malaria, Panama, Canal Zone, Gatun 
I. C. C. Press,  1916. SAMUEL  T. DARLING  32i 
Thusout of nineteen mosquitoes  that survived,  seven, or  37  per  cent, were 
positively infected.  The  jar  still  contained seven  mosquitoes  two  or  three 
of which were probably infected.  The seven survivors  were used in the inocu- 
lation experiments on Dec. 1, 3, and 4.  On  Dec. 6  the  three  that were  left 
were  killed  and  dissected.  Two of the  three  contained a  few sporozoites  in 
the salivary glands and ducts. 
Biting l~xperiment.--Dec. 1, 1915, 3 p.m.  The jar containing infected Arwph- 
des Mdlm~i  was applied to Subject 1.  Six of the seven mosquitoes fed.  The feed- 
ing was interrupted and the same jar was now applied  to Subject 2.  Six mos- 
quitoes were seen to feed.  Judging from the degree of disteI/sion of their abdo- 
mens apparently they were the same ones that had just before fed on Subject ,1. 
Dec. 3.  The jar was applied to Subject 3, and three mosquitoes fed.  Dec. 4. 
The jar was again applied to this patient and two mosquitoes fed. 
TABLE  II, 
Gametes present 
Time of feeding.  Patient No.  in 
afient's blood. 
191S 
Nov.  16, a.m. and p.m ................................ 
"  17, p.m ........................................ 
"  18,  "  ....................................... 
~c  19~  ~¢  ......  ................................. 
cc  20~,  *c  ....................................... 
peg ce~t 
3.9 
3.1 
2.4 
33.6 
33.3 
In none of the  dissections of infected Anopheles tudlowi were  zy- 
gotes ever encountered that showed signs of degeneration or delayed 
development.  The  species  therefore  offers a  favorable medium  for 
this plasmodium and is evidently an efficient host.  As from  40  to 
60 per cent of the mosquitoes were found to have become  infected, 
we are safe in assuming that among the mosquitoes that bit the pa- 
tients  about  half  were  infected  and  contained  sporozoites.  As  a 
matter of fact, two of the three survivors at the conclusion of the ex- 
periment actually had sporozgites in their salivary glands.  There is 
no certitude, however,  as to the actual number of infected mosqui- 
toes that bit the patients.  Subjects 1 and 2 were certainly bitten by 
one and possibly by two or three infected mosquitoes.  Subject 3 was 
bitten by one or possibly by two infected mosquitoes.  Since two in- 
fected mosquitoes with sporozoites in their ducts were found after the 
conclusion of the biting experiments, it is likely that each man was 
bitten  by  at  least  two  infected mosquitoes.  They  were  certainly 
bitten by one, for each patient gave clinical evidence of infection. 322  EXPERIMENTAL INOCULATIOI~ OF  MALARIA 
Cases from Which the Mosquitoes Were Infected. 
Dissections of mosquitoes in this experiment and others not recorded 
here indicate that the mosquitoes were infected from Subject  4  and 
not  from  No.  5.  This  belief is  based  on  the  failure to  find  small 
zygotes corresponding in size with those which should have been de- 
rived from No. 5.  Every carrier of gametes is not infectious for mos- 
quitoes.  I  pointed this out in 1908 and Dr. Barber and I  have con- 
firmed the fact several times since.  In selecting a gamete carrier for 
incrimination  experiments one with a  sufficient number of gametes is 
necessary.  From  observations  made  in  Panama  in  1908  it  would 
seem to me that at least twelve gametes per c.mm.,  or one for every 
500 leucocytes, are necessary. 
Infectizqty of Anopheles ludtowi  Infected under Experimental Conditions. 
It can be asserted that when a  gamete carrier has as few as 2.4 to 
3.9 gametes per 100 leucocytes about 40 per cent of Anopheles ludlowi 
may be infected from him.  These mosquitoes may have from  one 
to eight zygotes and will furnish a  sufficient number of sporozoites to 
infect man.  The size of the salivary ducts offers no impediment  to 
the free exit of sporozoites, and inoculation occurs with  ease either in 
an interrupted feeding or after two previous feedings. 
In view of these experiments and the positive epidemiological  evi- 
dence advanced above Anopheles ludlowi must be regarded  as one of 
the important  carriers  of malaria and must be included in the list of 
Anopheles against which antimalarial  measures must be taken. 
Tower of Infected Mosquitoes That Have Already Bitten and Infected 
Man to Infect Others. 
In an interrupted feeding mosquitoes first bit and inoculated Subject 
1 and a  few seconds later the same mosquitoes bit and infected Sub- 
ject 2.  2 and 3 days later two to five of these mosquitoes fed on and 
inoculated  Subject 3 with sporozoites without any demonstrable di- 
minution of infecting material as measured by the symptoms.  More- 
over, surviving mosquitoes were found to contain sporozoites in their 
salivary glands. SAMUEL  T.  DARLING  323 
We may assert that infected Anopheles may retain infection after 
at least three bitings.  The biting habits  and feeding exigencies  of 
Anopheles are not thoroughly understood.  That is, we do not know 
how many times an Anopheles may feed or how many times it is ac- 
customed to feed between receipt and transference of infection.  In 
the laboratory they may be induced to bite  every other  day.  In 
nature they return to the breeding place after the blood meal has been 
digested.  More or less lengthy flights are often necessary and feed- 
hags may occur only in response to demands for ovulation.  The cir- 
cumstances indicate that an Anopheles may remain infected through- 
out life and may infect at each feeding. 
Period of Incubation. 
The period of incubation as measured from the date of inoculation 
to the occurrence of fever  was 14 days in Subject 1, and 15 days in Sub- 
ject 3 if counted from December 3, the date of the first biting by three 
mosquitoes, or 14 days if counted from the date of the second biting, 
December 4.  In  Subject  2  the period of incubation was 18 days. 
This patient was already suffering from  a  tertian infection and the 
blood  picture on December 12  and  13  indicated that  the rises  of 
temperature on December 13  and  14 were  tertian  paroxysms and 
not due to  subtertian plasm9dia.  Subterfian malaria is not frankly 
exhibited until December 19 to 21,  the  access  of fever coming on 
December 19  and many subtertian rings appearing in the blood on 
December 20.  The period of incubation, therefore, was 18 days. 
Rate of Appearance of Plasmodla in the Peripheral Blood and Its 
Correlation with Fever. 
The rate of appearance of plasmodia in the peripheral blood will 
depend somewhat on the method of examination; thick films  consist- 
ing of larger quantities of blood will disclose plasmodia earlier and in 
greater numbers than thin films.  In Patient 3 on December 19 a thin 
film was negative, while the thick film was positive for plasmodia.  A 
thick  film  represents  about  1  c.mm.  of  blood.  When  plasmodia 
have become sufficiently numerous to be found in a film of this size 
they exist in large enough numbers to  cause a  paroxysm of fever. 
This was observed in all three cases. 324  EXPERrM~.I~TAL INOCULATION  01~  MALARIA 
Differences in the Clinical Picture and in  the  Spleen Reaction  under 
Different Conditions. 
Individual Infected for the First Time with Malaria.--Patient 1, in- 
fected for the first time,  may have received a  larger dose of sporo- 
zoites than the others.  His blood, however, never disclosed an un- 
us/aally large number of plasmodia, and his symptoms were rather dis- 
proportionately severe in relation to the number of plasmodia found. 
We know from abundant observations the truth  of Mansou's state- 
ments that the internal viscera are the organs  involved  in  malaria 
and that  the plasmodia in the peripheral blood often represent an 
overflow and are not an exact expression of the number of plasmodia 
actually present in the body,  It may be asserted that the symptoms 
were more severe in :this case of primary infection.  The splenic en- 
largement began to manifest itself  by tenderness on the 1st day of fever 
and at a  time when plasmodia were first discovered in thick films. 
The spleen reached 1 fingerbreadth below the costal margin on Decem- 
ber 19, or 4 days after the onset of fever.  It returned almost to nor- 
real proportions December 24.  In this case there is a correspondence 
in time between the appearance of splenic enlargement, the appear- 
ance of plasmodia in thick films, and the onset of fever, all of which 
occurred on or about the same day.  The spleen remained enlarged to 
palpatiou only about 11 days. 
Individual Infected after a Long Interval of Freedom  from Malaria.  m 
Patient 3  was the third case to be bitten and he may have received a 
smaller dose than the patient previously bitten.  We note that the 
period of incubation was 15 or 14 days, or about the same as that of 
Case 1.  The appearance of plasmodia in thick films on December 18 
was  accompanied by  a  rise in  temperature, but  the  patient while 
showing evidences of infection wasnot really ill until December 25, 
or the 8th day of fever, whereas Patient 1 was acutely ill on the 5th 
day.  No. 3 had a  pronounced splenic reaction.  The  spleen which 
had been negative upon palpation was palpable just:below the costal 
margin on December 17, or the day before the initial rise in tempera- 
ture.  It reached its maximum size 1 fmgerbreadth below the umbili, 
cus on December 26,  the day that the temperature reached normal 
after the last rise in temperature, or 8 days after the initial rise in S~T.  T. DARLING  325 
temperature.  Nearly the samedegree of enlargement was present 
for several weeks later, for on January 18 it was still 1 inch above the 
umbilicus.  Here we note a  prompt reaction and prolonged period 
of enlargement, the degree of enlargement being that of splenomegaly 
and occurring in a-man who had previously suffered from several ato 
tacks of malaria. 
I~i,~idual Alrecuty Suffering' from Ter¢ian~Malaria.--Patient , 2 not 
only appeared to experience no inconvenience from the tertian infec- 
tion from which he was suffering, but the additionalinfection of sub- 
tertian malaria likewise elicited no evidence of physical il]uess.  The 
dose in this case can be assumed to have been at least as great as in 
Case 3 for he was the second man to be bitten.  The period of incuba- 
tion was 18 days.  '  It is poss~te that the coexisting tertian infection 
i,fluenced  the duration  of  the  period of  incubation.  Subtertian 
plasmodia appeared in targe numbers on December 20 and in notable 
numbers before and after this date as well as could be ascertained, 
It is certain, therdore, that no immunity  reaction hadbeen provoked 
by the tertian infection which would tend to prevent the  development 
of: ,the superimposed subtertian infection.  The spleen showed no re- 
sponse to either infection by tenderness or enlargement. 
Type of Febrile Reac,~ion and the Probable Invalidity of Plasmodium 
falcipavum quoKdianum  as a Species  DisHnct from 
Ptasmodium falciparum. 
Text-figs. 1 to 3 not only display the type of fever seen during the 
period of incubation and access of fever, and the effect of quinine in 
reducing the fever, but they are of unusual interest in exhibiting the 
peculiar type of febrile reaction elicited in persons experimentally,  in- 
fected with a  purestrain of subtertian plasmodium.  The types of 
temperaturegraphs seenin clinical cases of malaria that have run for 
longer or shorter periods are often the result:of multiple or superim- 
posed in~ections.  The phenomenon of acceleration or retardation of 
paroxysms often causes irregularly continuous curves.  In malarial 
communities in the Tropics mixed infections are extremely common, 
and it is often difficult to diagnose the type of plasmodlum by an in- 
spection of the chart.  Our knowledge of the types or species of ma- 326  EXPERrMq~.NTAL II~0CULATION 01~ MALARIA 
larial plasmodia has been almost wholly advanced by studying the 
disease in persons who have been infected naturally,  in whom the 
disease has run for a  longer or shorter period of time, and in whom 
acceleration  and  multiple  infection  have  complicated  the clinical 
picture. 
The study of the morphology of plasmodla is beset with difficulties 
inherent in a science which is limited to studies of form and staining 
reactions.  There is usually little difficulty in differentiating most of 
the forms of plasmodia of quartan,  tertian, and subtertian malaria. 
Young trophozoites and young gametes at times cause trouble.  It 
is easy enough to follow the drawings of the text-books and assert 
because of resemblances of forms in the slide to pictured representa- 
tion of what authors have chosen  to call young tertian trophozoites  or 
malignant tertian gametes that the former actually are identical with 
the latter, but whether they are absolutely so or not is an entirely 
different matter.  For example,  in  the  cases  here described all the 
infections resulted from a  case of malaria  the blood of which con- 
tained  no  other  forms but  crescents.  No  tertian  plasmodia  were 
ever seen, yet when the experimental cases began to reveal plasmodia 
in their blood there were slight differences noticeable in some of the 
young trophozoites.  When, for purposes of demonstrating the per- 
sonal equation in the specific identification of plasmodia, these were 
shown to  experienced microscopists, some  trophozoites were  called 
subtertian, others benign tertian.  As none of these young "tertian" 
trophozoites  ever matured  into more adult forms,  the  assumption 
was that they were all subtertian as they should havebeen, and the 
microscopist  was  mistaken  in  his  diagnosis as  he  undoubtedly is 
occasionally. 
Text-books contain references to two  kinds  of  Ylasmodium falci- 
parum;  namely, a  tertian and a  quotidian variety.  This is largely 
due to the accounts of two varieties of fever and plasmodia by March- 
iafava and Bignami.  Mannaberg, Manson, Grassi, Feletti, and Craig 
are of this opinion also.  According to Marchiafava and Bignami, the 
quotidian variety causes a paroxysm every 24 hours.  The fever may 
be regular like the benign tertian, but oftener exhibits acceleration or 
retardation, becoming irregularly remittent or continued. SAMUEL  T. DARLING  327 
The malignant tertian ptasmodium of Marchiafava  and  Bignami 
resembles the quotidian very closely but according to them is larger 
and contains a greater amount of pigment.  It may become one-half 
the size of an erythrocyte.  The malignant tertian plasmodium pos- 
sesses greater ameboid activity.  The quotidian plasmodium is very 
pale; it never exceeds one4hird the size of an erythrocyte.  The in- 
fected erythrocyte has a brassy color, is often shrunken, and its hemo- 
globin is retractedY 
An inspection of the temperature charts of the two uncomplicated 
cases, Nos. 1 and 3, will show that before there has been any adminis- 
tration of quinine the initial paroxysms are tertian or subtertian in 
periodicity and that the subsequent ones are quotidian.  Moreover, 
in each intermission of fever in the tertian phase there is a slight rise 
of temperature about 4 p.m., thus giving evidence of a latent quotidian 
tendency even in the tertian phase which soon manifests itself as a 
distinct  quotidian  wave  which may be  followed by a  remission or 
definite intermission of fever.  Thus we have  the interesting phe- 
nomenon of a  pure strain of subtertian plasmodia provoking in in- 
fected persons a febrile reaction which at first is distinctly tertian in 
periodicity.  This  is  immediately succeeded by  a  reaction having 
quotidian periodicities. 
If we accept the claim of Marchiafava and Bignami, and Craig that 
there exist two distinct forms of Plasmodiumfaldparum, the quotidian 
and the malignant tertian varieties, we may account for the phenom- 
enon by assuming that the patient from which the mosquitoes were 
infected was suffering from both forms of the disease and that the 
gametes consisted in part of quotldia:na and in part of tertiana ma- 
ligna.  But in that case it is dVficult to understand why the fever 
did not manifest itself from the start in more pronounced quotidian 
form.  This theory will not explain the well known tendencies of sub- 
tertian infection to exhibit irregularly remittent and continued forms 
of fever. 
We may assume, on the other hand, that there is but one form and 
species  of Plasmodium faldparum  and  that  this  species  possesses, 
inherently both  subterfian  and  quotidian  tendencies manifested in 
Craig, C. F., The malarial fevers, New York, 1909, 34. 328  EXPI~I~IM~TAL  I~OCULATIOI~  OF MALARIA 
types of fever at times having tertian an6 at times quotidian periodi- 
cities, and also possesses the well known tendencies to cause fever of 
an irregularly remittent or continued type.  This assumption I think 
is in better agreement with the observed facts.  We do not know the 
cause of the lack of uniform  periodicity in Plasmodium falciparum, 
but  it  may  be  related  to  the following facts.  Quartan plasmodia 
sporulate in the peripheral blood and have from 5  to  11 merozoites. 
In Panama the number was 5 or 6  and  very uniform.  In  Malacca 
the number was near 11  and also uniform.  Tertian plasmodia also 
show considerable uniformity in the number of merozoites possessed 
by  segmenting  plasmodia.  In  subtertian  malaria,  however,  films 
from the spleen, marrow, and brain display a lack of uniformity in the 
number of merozoites, for they have been found to run from 10 or 12 
to 42.  This morphological heterogony may and probably does in some 
way correspond to the clinical polymorphism observed in malignant 
tertian  malaria.  From my experience in Panama and Malacca  it 
has never seemed to me that there existed sufficiently cogent reasons 
for creating a specific plasmodium for clinical forms of quotidian ms- 
tivo-autumnal malaria. 
The diagnosis of Plasmodium  falciparum quotidianum was oftenest 
made during the period when fresh films only were examined and 
before the Romanowsky stains came into use, and the creation of a 
separate species probably rests on insecure and insufficient testimony. 
At any rate, the matter requires further elucidation by means of pure 
strains and inoculation experiments. 
SUMMARY, 
Three  persons were  experimentally  inoculated  with  malaria  by 
means of Anopheles ludlou~ reared from larvae and infected with a 
pure strain of subtertian plasmodium (Plasmodium falciparum), thus 
proving that there exists no mechanical  impediment or obstacle to 
the free exit of sporozoites from the salivary ducts or proboscis. 
In the dissection of  infected mosquitoes there were no evidences 
of  degenerated  zygotes.  Sporozoites  appeared  promptly  in  the 
:salivary  glands  (9  to  12  days).  Inoculation  occurred  with  ease 
either in  an  interrupted  feeding or after  mosquitoes had been fed 
£wice previously. SAMUEL  T.  DARLING  329 
The  period  of  incubation  was  14  and  18  days.  The  clinical 
manifestations were more severe in the subject that had never been 
infected with malaria previously, while the splenic enlargement was 
most  pronounced in  the  subject  infected  after a long  interval of 
freedom  from  malaria.  In  a  third  subject already suffering from 
tertian  malaria there was  only the  slightest  evidence  of  physical 
illness elicited by the superimposed subtertian infection; his temper- 
ature, however, became duly elevated. 
The type of febrile reaction in  the two uncomplicated cases was 
at first tertian, becoming quotidian  later, and this phenomenon in 
a  pure strain  leads  strongly to  the  supposition  that  Plasmedium 
falciparum  possesses  inherently both  tertian  (or  subtertian)  and 
quotidian tendencies, as  well as its well known tendencies to cause 
fever of the irregularly remittent or continued type. 
The  creation  of  a  specific  plasmodium  to  account  for  clinical 
forms of ~estivo-autumnal or subtertian malaria having a  quotidian 
periodicity is probably unwarranted. 
In  consideration of  the  facility with  which this  species  can  be 
infected  and  man  inoculated  experimentally,  the  occurrence  of 
naturally infected wild specimens, and  the positive epidemiological 
evidence, there  should no  longer  exist in the minds of  sanitarians 
any doubt as to its being a  malarial carrier. 
Operations  against  this  species  can therefore be  recommended 
without reservation and should be carried out without delay. 
I am indebted to Assistant Surgeon A. E. Durasamy and to my lab- 
oratory assistant Mr. Chong Yoon Chong for assistance in obtaining 
histories and recording clinical notes of the patients. 